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.E' ADSTRACY

using & 1:100 scalt model of Bertlett Dme spillwmy stowed that ero-

mmmm:l_me—dbymofm-ﬂnwﬂm. '

1 work performed thap far bes been bewsficial, gt aStitional DEVIEE
‘ will

andermining ‘the concrete-linsd clute
glgn flow of 175,000 cfe. (h,952.5 cms). At Tlowe of sbost 53,000 cfs
(1,415 cms) or sore, sion ie expected 12 the discharge chamcsl rémste
mmmmm. Worm:'ldﬂm
Mmmulmlddommmw. The studies proeed
Mmsmmuwmmmwmummp
acket. ' B : :




TOHPOSE
Tor stuiles were cobnduciesd =0 _e:é-ﬂm arrrecrtive Deasures Deeded

20 prevent adjitiomal erosicn 4gmage in the 3ischarge channel near
the existing coscrete-linesd s'plmuny chute .

1. The oxdel confiremd that the emszmgme!. tor Zincharge
channe] was almest entirely cdue o the igparct of the flow ispinging
oo the badly fractured rock rether thac o the ci w.lngctlonu
rsct‘n.htturhuleﬁ'ﬂm{ﬂgmc) .

2. Fepairs made after the 1965-66 fioods sppesr to be well located
for protection of the chamne]l against further erosion, dut the
paving should be extenied s Iittle higher and farther dowmstress
uuq.hele-znuk(ngamk 9,mn)

3.. &edupemtmhuleu‘.hebueafthestupﬂq\emmldhe
£illed vith comcrete (Pigares &, 7, and 11). This coocrete 111
should extend frum the existing coocrete on the upstrean side of
the hole to sound rock on the dowvnstrean side and shoulsd slope down-
nﬂtatuhﬁinmedimtlmofﬂmwnmlmmckm
the

licy

L. At flovs greater than adout 50,000 cfs (1,515 cas) par: of the
et will ilmpinge in the dovnstreem porilon’c! the chennel hm '
the paved ares {Pigure 12); however, ervsion damage will be °
sufficiently remote that the fountation of the spillwey should nat
be enﬁnmmd

. "’hesp!.l.msntes shw]ﬂbeeqmllyopenedform ﬂmﬂis-
tribut !m et the 1:ip bucket {Figure E).

6. The two ridges partislly blocking the dmmsr.mmbend of the
cbmlnhml.mbe'mmﬁ(nsunlﬂ

7. "'!:z upstreax ridge apd the existing welir ‘Ln the lef't branch af
b channel belp Torm & shellow pool s the base of the pawed zlope
ror flows up o 50,000 cfe (1,h15ces) (Pigure 1k). This pool eids
in abso-bing s a - the energy in the jtet and in reducing ercsiom.

| . THTRODUCTION
‘Bni"-.le tt Dax 1s part of the Salt Rhe, ?mject. nﬂr thixg Ar!m
{(Figure 1). The rpmvly iz the right sbutaent is gate-controlled

and discharges 10to a 170-foot-wide (51. ﬁ?-uqm—vme), concrete-
"1iped chute., The chute is n:pemhmted. surves to the lefr, end




cerzimates iz & Trip bucket. The Zesisc discharge capacity of the
sptllemy is 175,000 cfs {&,952.5 c=x).

Origimally, flow Trom the ILip bucket fell iz so excavatel channel
lesding ¢ %he river channel. The drop froee .ne wrd of the eXCATETAL
channel 2o the riverded is abouz 100 Teet (30.37 seters). The rock
tm iz aves iz composes? TS Two Types of granite. Ooe 15 8 COEIss-
grajined granite severely weelheted o LTTegular Jepilis.

This veathwred rock {5 week aa:.' eagily eroded, byt the underlylinsg
ook is hart and sourd. The other type of gmanite is fine-graines,
Y ecpetent, and resiztant 1o erosion. Three doninant systems oF
Joints affect Yirth IOCK LyPes--Tve pear-verticel sysle=s end Ome
.hmgﬂn'l: developesd horizontal system.

Floods ic 1967 and 1959-65 me-tiy e-cded the excavated chaznel .
Prisr to the 1955-66 flocd, the chanmmel wvas repaire? by placing zass
concrete in retalning walls an! blocks in the badly eroded portics
af ‘the chinnel sper the Sownstrees end of the chute (Figure 2). The
1955565 spillvay flovs, estizated at 23,550 cfs (506.55cm8) from
near-saxizoe reservolr elevation, washed cut or underzined these
concrete slabs aad blocks in several aress (Figure 3). Zrosion of
the rock wos Quite Tapid where toe concrete had overlzin the weak,
wegthered grunite. © At the base of the steep portion of the eroded
charnel, about 100 feet (30.iE meters) downstresn from the concrele
chute, one hole was ernded {4 the weathered rock to-oa dep:h of about
3.: 'eﬁ‘u (L ST m“ﬁ) G
Remedipl work in the chanael aTier the 195665 "’lood consisted of
repairing dmwaged coocrete blocks and protecting rock surfaces with
Fformed or poeweaticelly placed concrete anchored o the rock
{Figures % ar 5}. The hylraulic model studies descrided im this
report were performed to determine chanmel inprovement or sdditicsal
pmm.l:m necegsary’ to prevent further erosiza near the spillvey
chute and to Zetermine the combization of cperaring gmtes that will
provide '.;he best flow distributlion

THE MODEL

The 1:100 s=sle oodel of the spillwmy (Figure §) included zhe
approach channel, crest, cootrol gatey and piers, superelevated con-
crete-lined chute, and the discharge channel from the chute down~
stresz to the saturel sireas chamnel. The spillwvay and discharge
channel were of concrete construction; the plers wvere formed in wool
nn:l the control mtesr were sade of sheet metal. Two porticas o"'r.he

right bank pear the :lovanstireasn erd of the cischarge chanmel vere '
nﬂe Wle in anticipation that ‘additional’ excavss itm in this
aree might improrve pra'tor.ype operation.




o

[t &
“ determine fiow conditicns that might have coused ihe ernsicn. AT

" chute and m'es;ed downxtyens a5 the discherge increased (Figure §).

The discherge charmel topography was initizlly comstructed of three
parts sand tc ofe part poszolsn, 3fi-inch (1.9 cz) thick oo wire
mesh. This produted & firz dut ermdille topogrsphy which helped in
evaluaticg the type end locatice of the severest erusion to be
expected.

| 3!

o Y INVTCTTRATT N

The model wvas cperated st discharges up so 58,000 ofs (2,815 cms) W
discharges of 10,000, 2C,000, and 50,000 cfs (283, , and 1,415 cms)
flow Trom the spilluvey impinged on the ereas that hed been badly
de=mged in the prototype chanmel (Pigure £). The severest :lamge
appsared to have orcurred vhere the impact forces of the let had
apparently locsered and eroded the rock at the weathered joints.
Inizial tests wxede with the ercdible channel inticmted that the
erosicn began at the left downstresan corner of the corcrete-lined

iz test comfirmed the belie! that the zalor particn of the ercsicn
was due o 'lw.zw mther thes o rocks churning in the turbulen:
ﬂw- B

Gate Ope-a':tm

Varicus combinatious of operating gates vere tested (?1@.\:!: 10) o
deterzine the conbimetion that would provide osptizue flow 2istribu-

tiom in the chute. These telts showed thet closing the right gate
mwmﬂwinplm_mmeﬂatmumsmd@edm
pared aves and increased the iZpingement alcng the ileft bank. With

the ieft gate closed, the reverse:was true. These flow conditicns -
wene =nte pronounced vheo: ‘zither the left or right gate wvas Cperated =~ '
singlar Thetcr.snhmﬁ.hn‘uuthmpﬂwbemd o
equally for best Zlow distrlbqt.tm fro= t!-c chote .

Channel! Protection

"veavitha.u .hreegnmequll:opemd partions of :the flow

ispinged on the lef: ard Tight sides | p"’ the emf.-hnry.- ch-nnel\ i

beyord the lizmits of the pawed ax'u..,\ These arees of i:q;!nm‘& ) s
are sublect to erosicn during future: ﬁpmny dischnarges (Flgures &, B
S, ant B). Erusionm-heri@tsideﬂlloccur'arem@dm- ?
streas that 1t 1t not likely oo en:lln(g'.xc the structure or underrine

the paved arez (Pigure 5). Erosicn may occur adjacent to the left L
concrete vall of the spilivay chute and farther downstrean slong the
left bank {Pigure &). mmwhwmpwvzﬂtwis )
erosion (Pimm 9 ant 11). :

Spmtﬁ; d.isdmrm have zroded a 15-foot (k.S5T-meter)-deep hole at
the base ¢I the steep $lope In the prototype dischargs chammel

be




ii

(?igu.-e i}. Foriner spillwey operatisos ,‘css.b.t} r‘ll increase
size of tris pole and undergine Loe IoncTele pav*[ng on TheSteer
sicpe. This roie snould be Filled wilh concretel extending from :M

vﬂST-iﬂﬂ seevete on Lhe upstireas side e she roex on the downsiress

 side of e poos (Figures T and M1). Sloping this conmereze 11
“’0&

dmu-ks {rom approzimately elivaticn IS5 <o elevation ISID In lze _
2f fow zlooy the exyisging channel f"in.re 77 &ill flusk

H'Mw L

loose 't:cz W"ﬂ_ during spillisay cperstica.

t flows of 13‘3 QGC {2,330} a2 175,000 cfs {:. 4*5;.5\; eps} {Figure i
pnn of the jet irpinged neayr the fiizt ridge i.n the SONDSLIERN DOT- . .
zion of tre éischarge chamnel beyona the peved ares. Discharges of ",
these magnitudes will protably cause conzidershis erosich in the i
-p-c.o'.'ra:pe :mml Tesote’ fron the -p‘-lamy '-hut.e. '

Chanme:l Izproyement . - : :
4 kigh ridge of Tock extendz parily scross ‘the discharge chamel
2hout 100 feet {30.4E mavers) dosmsiresn {rom ki bise of the steep
. slope; about 250 feet (76.20 mmeters) ferther duwmtma_.. a second
] ' confining ridge protrudes intc ipe chanmel, + mas firgt thought
N N that ihese ridges zight be Lrepping locse 'm:d. In the chimmel anc

§ cm.smg a "ball ziil™ type of eration éamge. i

“he

The teo ridges were cms;ru\.ur.'. in *.he mcdel 8O T they could ' : - .
essily be removed and the cnannel -cul*"bewswd wi!.hmd-*..mm -
ihe ridges in place {Figure 13). Tests were run at discharges of §
20,000 efs (566 czs) and 50,000 ofs (1,215 cus) o determdne the " .
effect of rezoving eitner or toth ridges. The tests showed thatl
an:r loose mck toat ndgnt fail imto the -:nnmx will flushk frem '
he ares, wiih or witrboud o rid.ges ..n pu.:tﬂ.

) Actumily, toe upStress ridge and tne xuisamg welr el approxiseteliy
L) :elevaticn 1620 in ine left bracch of ine dﬂucmrge channel
f - < {Figure u.) maintain a peol for Tiows up 10, 50,00070 s {1,415 ca=). o
¢ Tois pooi appesred io absovh pari of the r,fmlw of the fallling Jet '
. .vhich vould reducé the ervSion damege f!’[gnm 1k); azd, therefore « .
R shaald sot be reworved. o ' E s
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BARTLETT DAM SP1LLMAY
DISGIARGE CHANNEL ERDSION AND REPAIRS
PRIOR TO THE 1965-s6 FLOOD




Figure 3
Beport No. Hyd-STO

CEETn

A. Note the undermining of
nrevious channel repairs.

P2eT-ITY
View looking towaras
righr bank.

i.*‘

‘n..‘". XD,

n.‘- gt
PIS-S-2 Y08 el

C. Note beth vertical and
horizontal ioints in the
weatherad rock.

BARTLETT DAM SFILLMAY
DISCHARGE CHAMNEL EROSION
Caused by 1965-66 Flood




Figure &
Report Ko. Hyd-5T6

Water stards in & 15-foot (L.57-meter)-deep hole at the base
of the stieep slope. Arces sublect to future efosion iniicaled
by the errows.

BARTLEYTT DaM SPILLEAY
Repeirs to Discherge Chennel Following
the 19635-66 Flood




Pigure 5

Report Ko. Hyd-ST5

R iress subject to future ercsion sre indicsted by
the arross,

BAFTLETT DAM SPILLEAY
Repeirs tc the Discherge Channel Following
the 1965-66 Flood




Figure 6
Report Ko. Hyd-5T6

BARTLETT DaM SPILLEAY
The 1:100 scsie mondel
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C. S0,000 efs (1,215 cns

All flow through three gestes equslly open at
Regervoir elevation 1803

The erees of flow impingesent on the left end
right benks beyond the white paved ares are
indicated by the arrows.

BARTLETT DAM SPILLNAY
Flow in Discherge Chennel
1:100 scele sodel




C. Erosion resulting from flows of 30,000
and 175,000 cfs (849 and £,952.5 cms)

Areas requiring edditiomal concrete pro-
tection are indicated by the arrows.

BARTLETT DAM SPILLEAY
Erocsion Test
1:100 scale model




,13-S-amrm

A. left gete closed

14,000 cfs (396.2 c=s) at

Left and center getes closed D. Right end center gates closed

7,000 cfs (196.1 cmns) at reservoir elevation

The areas of flow izpingment on the left and right banks beyoncd Lhe
shite paved area are are indicated by the arroes.

BARTLETT DAM SPILLUA
Flov with unsymmetricel gate operation
1:100 scale model




Secommended additional concrete
paving is indicated by the
arTows

B. BRecommended sdditional concrete
¥i11 is indicated by the arrow

BARTLETT DAM SPILLERY
Reccamended Channel Protection
1:100 scale model
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eTy-0-g

A. 100,000 efs (2,830 cas)

B. 175,000 cfs (4,952.5 cmsz)

BARTLETT DAM SPILLEAY
Flow Corditions with Chennel Protection

1:100 scele model




Figure 13
Repor: Ho. Hyd-STH

A. First and second ridges are
resoved to the elevation
shown. Ridge lccations are
indicated by the arroes,

B. Pirst ridge only is resoved,

BARTLETT DAM SPILLEAY
Chennel Alterstions Tested
1:10N =235%e model
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il 8. Concrete 111

Recosmsexied concrete fill
ridge Temoved

recommended
efs (566 cns) as reservoic elevation 1803

é[

213 1 v P J1 w6 1) waed] w1

5 S

C. Sa=ze as A

S0,000 efs (1,515 c=s) at reservoir elevation 18G3

-7

Flov condit ands without First Ridge
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